Entomopathogenic fungi viz. Metarizhium anisoplae and Beauveria bassiana are well characterized in respect to pathogenicity to several insects and have been used for biological control of agriculture pests worldwide. Despite their potential, several factors like low resistance to elevated temperature have hindered widespread adoption of fungi as part of biological control regimes. In this study, five isolates of B. bassiana (Bb 01, Bb 02, Bb 03, Bb 04 and Bb 05) and two isolates of M. anisoplae (Ma 01 and Ma 02) were evaluated for thermotolerance capacity and bioefficacy against third instar of Spodoptera litura. Among the isolates studied, Bb 04 recorded the higher temperature tolerance up to 34 o C with mean spore germination of 35.00 percent and mean dry mycelial weight of 443.38 mg. Further, in the bioassay studies, Bb 04 caused significantly (@ P<0.01%) higher percent mortality of S. litura larva at 1×10 8 spores ml -1 on fifth day (80.00 %) with LT 50 value of 4.08 days and LC 50 value of 2.07×10 4 conidia ml -1 at five days. Investigation results indicated that BB 04 is a suitable EPF isolate for management of S. litura where higher temperature prevails.
INTRODUCTION
Over reliance on broad spectrum pesticides has been severely condemned in different parts of the world after International Conference on Chemicals Management (Tscharntke et al., 2005) . Since then, an alternative eco-friendly strategy for the management of noxious insect pests has been explored to trim down the harmful effects of chemical insecticides on humanity. Studies on biodiversity in agro-ecosystems and the delivery of ecosystem services to agricultural products have usually ignored the contribution of entomopathogens in the regulation of pest population. In recent years, biological control based on crop protection with the inundative release of natural enemies and entomopathogens viz., fungi, bacteria, virus etc., are recognized as a valuable tool in pest management (Anand and Tiwary, 2009 ). In inundative applications of microbial control agents, combination treatment with two entomopathogens offers an attractive biorational strategy. If the two entomopathogens complement each other, or act synergistically, a beneficial effect can be obtained. Rao et al., 2006) . Entomopathogenic fungi are parasites of insects and kills or seriously disables them. An attractive feature of these fungi is that infectivity is by contact and the action is through penetration (Nadeau et al., 1996) . Entomopathogenic fungi such as Metarhizium anisopliae and Beauveria bassiana are well characterized in respect to pathogenicity to several insects and have been used for biological control of agriculture pests worldwide (Sandhu et al., 2012) .
Despite their potential, several factors have hindered widespread adoption of fungi as part of biological control regimes. In particular, efficacy against certain insects is impeded by the relatively low resistance to elevated temperatures (Rangel et al., 2008) . The optimal temperatures for the development of pathogenicity in most entomopathogenic fungi are 25-28 o C. Most previous studies on temperature tolerance of entomopathogenic fungi involved selection of isolates with higher tolerance to extreme environmental temperatures in the field (Rangel et al., 2005) . Therefore, the current investigation was formulated to evaluate thermo-tolerance capacity and bioassay potential of selected entontomopathogenic fungal isolates on third instar of Spodoptera litura.
MATERIALS AND METHODS
Isolates collection: Seven EPF isolates were collected from different Agricultural Colleges of Karnataka, of which five were B. bassiana isolates and two were M. anisopliae (Table 1) . This was a part of doctoral study conducted in Department of Agricultural Entomology, University of Agricultural Sciences, Raichur (Karnataka) during 2014-15 and 2015-16. Morphological characterization: EPF isolates were cultured on Potato Dextrose Agar (PDA) media in petriplates and incubated at 25 o C in the dark for two weeks for mycelial growth and spore production. Then, spores of each EPF isolates were harvested using a loop and placed the spores in one ml of sterile distilled water containing tween 80 (0.01%). The concentration of spore suspension was determined by haemocytometer and further it was adjusted to 1×10 6 conidia/ml under microscope at 40X magnification. Subsequently, morphological characters of EPF viz., colony colour, shape, conidia diameter and conidia colour of each EPF were recorded separately (Isra' Omar Ahmad, 2011). Thermo-tolerance characterization: Temperature tolerance capacity of each EPF isolates was determined through spore germination test and dry mycelial weight at temperatures of 25, 28, 30, 32 and 34 o C in incubators. Spore germination test: Spores were collected from two week old culture using a loop and transferred to a glass vial containing 10 ml of sterile distilled water and 0.01 percent Tween 80. Concentration of spore suspensions of each fungal isolates was adjusted to 10 6 spore ml -1 . A volume of 100 μl of spore suspension was inoculated and spread over a thin layer of PDA medium in separate petriplates (3 ml medium per 90 mm petriplate). After the inoculation, petriplates were sealed with parafilm and incubated at temperatures of 25, 28, 30, 32 and 34 o C for 24 hrs. After the 24 hrs of incubation, a total number of 100 spores were chosen at random from different fields of the petriplate to count the number of germinated spores under compound microscope at the magnification of 40X. (A spore was considered germinated, if the germ tube length reached at least the length of the conidium). The spore counting was performed in four replicates for each isolate and for each temperature. Dry mycelial weight: Mycelial disc of five mm size was cut from seven days old actively grown fungal culture and inoculated separately into conical flasks containing Potato Dextrose Broth (Each 50ml conical flask containing 30 ml broth). For each isolate at each temperature, four replicates were maintained. Flasks were incubated at temperatures of 25, 28, 30, 32 and 34 o C for eight days. After eight days of incubation, the mycelial growth was harvested and dried at 70 o C for 24 hrs in hot air oven. Further, the dry weights were recorded using electronic digital balance in four replicates for each treatment and the average mycelial dry weight was calculated. Rearing and maintenance of S. litura culture: Mass rearing of S. litura was initiated in the growth chambers of the laboratory with freshly laid egg masses collected from the fields of Agricultural College, Raichur. Growth chamber was sterilized with 10 percent formaldehyde prior to establishing the culture. Ambient environmental conditions viz., 27±1.0 o C temperature, 75.0±5.0 percent relative humidity and 12h light: 12h dark photoperiod was maintained throughout the rearing. In order to have continuous supply of large number of quality insects, a stock culture of S. litura was maintained on leaves of the castor plant, Ricinus communis L. The freshly laid egg masses were incubated and maintained in small plastic containers with castor leaves to provide immediate food for the neonates after hatching. First instars neonates hatched from the egg mass were reared in bread boxes (20x10x10 cm). From the fourth instar onwards, larvae were reared in groups of 50-100 in a plastic tray (40x30x6 cm). Later larvae were allowed for pupation in moist and loose soil. The pupae were sexed on the fourth day after the sclerotization and hardening of pupal integument with respect to the position of gonopores. Male pupae had gonopore in the form of two kidney shaped bumps with a black slot in the middle of the ninth abdominal sternum and female pupae had gonopore as a black slot located on the eighth abdominal sternum. Adult moths were emerged in seven to eight days. Generally 10-12 pairs of moth were released in insect cages (45x40x40cm) for mating and oviposition provided with 10 percent honey solution as food for them. Castor leaves were provided as an ovipositional substrate to the female moth within the cage by dipping their petiole in water containing glass beaker (Seth and Sharma, 2002) . Experiments on thermo-tolerance and bioassay were conducted twice. Though there were very little variations found in the generated data during two seasons, they were pooled and statistically analysed and results were presented as hereunder. Bioassay: Pathogenicity of fungi was determined as the estimated spore concentration required to kill 50 percent of the test insects (LC 50 , expressed as conidia ml -1 ), and its virulence was estimated by the median time to death of infected insects (LT 50 ) (Thomas and Elkinton, 2004) . The fungal isolates which found temperature tolerant in the previous study were subjected for bioassay studies. Conidial suspensions were prepared by harvesting conidia from two week old sporulating cultures and suspending them in sterile distilled water containing 0.2 percent Tween 80 in 10 ml glass bottles. The conidial suspensions were filtered through several layers of sterilized muslin cloth and discarded the mycelial mats. Then, spore concentrations were quantified using a haemocytometer (Goettel and Inglis, 1997) and were used for pathogenicity studies. The conidial suspension used for the virulence studies was adjusted to a final concentration of 1×10 8 conidia ml -1 . For the pathogenicity study, five concentrations of conidia including 1×10 4 , 1×10 5 , 1×10 6 , 1×10 7 and 1×10 8 spore ml -1 were used. Virulence studies: Pre-starved third instar of S. litura were topically sprayed with one ml of the conidial suspension at 1×10 8 conidia ml -1 of EPF isolate and placed in separate pertiplate containing moistened filter paper. For each isolate four replications containing 20 larvae per replication were maintained. These treated insects were incubated in a growth chamber with temperature of 27±1 0 C with 75±5 percent relative humidity. The experimental larvae were observed for every 24 hr until death, followed by white mycelial growth on the surface of the cadavers. The total mortality data collected on each day were used for the determination of LT 50 using probit analysis (Gurvinder and Padmaja, 2008 
….Eq.1 Statistical analysis: Data from repeated experiments conducted during 2014-15 and 2015-16 were pooled as ANOVA indicated no significant difference between the experiments. Percentage corrected mortality of the larva was calculated as described by Abbot's (1925) . The arcsine transformation was used for normalisation of mortality percentage data before an ANOVA was conducted. Analysis was undertaken on the transformed data and untransformed means ± SE are presented. Entomopathogenic fungal inoculation rates and time effects, and their interactive effects on mortality percentage data were analyzed using WASP 2.0 (ICAR-Goa institute). When ANOVA was significant, comparisons of relevant means were made using Duncan Multiple Range Test (DMRT) significance test at a significance level of 5%. Lethal time and Lethal concentration were analyzed using SPSS 16.0V. Larvae used in the whole study were of age five days which were hatched from single mass of egg.
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